One hundred and .tWO puberal gilts from nine genetic groups were used to determine the association of two morphological types of Ovarian follicular loss (hemorrhagic and milky) with genetic background of ~gilts, level of feed intake and stage of estrous cycle. At estrus (day 0 of estrous cycle) a lesser prqportion of gilts (P<.05) had hemorrhagic foiiicles than gilts at day-15. While the total number of follicles decreased from day-15 to estrus (P<.01), the proportion of milky follicles increased (P<.01). No milky follicle was larger-than 6 mm in diameter. The high level 9f feed intake increased (P=.06) the number Of large follicles (7 to 10 ram), their average mean diameter (P<.05) and the proportion of gilts with hemorrhagic follicles (P<.05). Although the proportion of milky follicles did not differ significantly between the feed groups, the regression of the average number of large follicles on the average percent milky was negative (-.26) suggested that full-feeding increased the number of preovulatory follicles through a lessened amount (though small) of atresia.
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SUMMARY
One hundred and .tWO puberal gilts from nine genetic groups were used to determine the association of two morphological types of Ovarian follicular loss (hemorrhagic and milky) with genetic background of ~gilts, level of feed intake and stage of estrous cycle. At estrus (day 0 of estrous cycle) a lesser prqportion of gilts (P<.05) had hemorrhagic foiiicles than gilts at day-15. While the total number of follicles decreased from day-15 to estrus (P<.01), the proportion of milky follicles increased (P<.01). No milky follicle was larger-than 6 mm in diameter. The high level 9f feed intake increased (P=.06) the number Of large follicles (7 to 10 ram), their average mean diameter (P<.05) and the proportion of gilts with hemorrhagic follicles (P<.05). Although the proportion of milky follicles did not differ significantly between the feed groups, the regression of the average number of large follicles on the average percent milky was negative (-.26) suggested that full-feeding increased the number of preovulatory follicles through a lessened amount (though small) of atresia.
Poland China gilts lost fewer (P<.05) follicles between day-15 and estrus than Hampshire or Yorkshire gilts and had the fewest milky follicles (P<.05). Full-feeding increased the mean diameter of follicles in Poland China gilts but had little effect on the follicular diameter of the other pure breeds (P<.05). Differences between some of the reciprocal crossbred pairs were found in the total number of follicles, the number of large follicles and the proportion of milky follicles. (Key Words: Swine, Breeds, Estrous Cycle,
INTRODUCTION
It is generally accepted that the vast majority of vesicular follicles in mammalian ovaries undergoes degeneration (e.g., Ingram, 1962) . Two kinds of degenerate (atretic) ovarian follicles are recognized in swine: hemorrhagic and milky (Bjersing, 1967) . The present study was conducted to examine the association between these two forms of fo|licle loss in gilts of different genetic backgrounds, on different levels of feeding and at different stages of the estrous cycle. The genetic group variability was studied at day-15 of the estrous cycle and on the day of estrus. The effect of level of feed on atresia was studied in the gilts during the interval from day-15 to the day of estrus.
MATERIALS AND METHODS
Gilts from three pure breeds (Hampshire, HH; Poland China, PP; and Yorkshire, YY) and the six reciprocal crosses (HP, PH, HY, YH, PY, YP) between them were checked for estrus (day 0 of the estrous cycle) beginning at approximately 7 months of age after part of the gilts had reached puberty. Checks for estrus were 835 JOURNAL OF ANIMAL SCIENCE, Vol. 41, No. 3, 1975 continued until an arbitrary "cut-off" age of 270 days was reached. Experimental data were collected on a total of 102 gilts ranging in weight between 115 and 160 kilograms.
Beginning on day 0 of the experimental estrous cycle, two groups of gilts were fed 1.82 kg/day and slaughtered at either day-15 or at the ensuing estrus. The ration composition was the same as that used by Dailey et al. (1972) . A third group of gilts was fed 1.82 kg/day only through day-14 and from day-15 through estrus was allowed to consume the ration ad libitum. This group was slaughtered on the day of estrus and ovaries were collected.
Individual ovaries were trimmed free of their mesovaria. Counts of corpora lutea from the previous ovulation for each ovary were recorded. Follicles for each ovary were classified as small (1 to 2 mm dia.), medium (3 to 6 mm) and large (7 to 10 ram). The follicles were classified further as clear, hemorrhagic or milky. Counts of the number of follicles in each category were made with each follicle being punctured following classification to avoid recounting.
The presence or absence of hemorrhagic follicles was coded as 1 or 0 for each gilt. The number of milky follicles was recorded for each classification. The proportions of milky follicles to the number of small plus medium follicles were transformed to angles for statistical analysis. In the text the retransformed mean values are referred to as proportions. Data for the mean diameter of the four largest clear follicles were analyzed for the feed study.
The method of unweighted means was used for analyzing the data except for the presence of hemorrhagic follicles which was analyzed by the method of weighted squares of means (Snedecor and Cochran, 1967) . Statistical comparisons of differences between days of the estrous cycle, genetic groups and the interaction of genetic group and day of the cycle were tested by a preplanned set of orthogonal comparisons s. In addition, the group that was full-fed during the last 4 to 5 days of the estrous cycle was compared to the group that was limited-fed throughout the estrous cycle.
s The nine genetic groups were resolved into the following orthogonal comparisons: (1) Although the latter group was common to both studies, the level of significance within each comparison was not adjusted for lack of independence. The two comparisons were testing two different biological hypotheses. The effects of genetic grouping and its interaction with the level of feed intake were tested by a preplanned set of orthogonal comparisons similar to those used to test for effect of stage of the estrous cycle.
The sums of squares and crossproducts were calculated within each subgroup at day-15 and pooled to calculate the correlation coefficients for the log number of corpora lutea with the log total number of follicles and the log number of milky follicles. The arithmetic number of corpora lutea was tested for its association with the proportion of milky follicles. These correlations were examined between individual animals and between ovaries within individuals. At estrus the log number of large follicles was examined for its association with the log number of corpora lutea and the log number of milky follicles. In addition the correlation coefficient of the arithmetic number of large follicles with the proportion of milky follicles was calculated. Finally, the log mean number of total follicles for each genetic group at day-15 was tested for a possible association with the log mean number of large follicles at estrus.
RESULTS
Day of tbe Estrous
Cycle. The comparisons for day of the estrous cycle involved only the limited-fed gilts at day-15 and at estrus. Means for numbers of follicles and numbers of atretic follicles in each size-class and the mean proportions of gilts with one or more hemorrhagic follicles are presented in tables 1 through 3. The milky follicles as proportions of small plus medium are given in table 4. Follicles at day-15 and milky follicles at either stage were not observed to exceed 6 mm in diameter. Gilts at day-15 had a greater total number of follicles (P<~.01) than giks at the day of estrus (146.6 vs 50.3). However, the proportion of milky follicles was less (P<.01) at day-15 than at estrus (32.0% vs 78.8%). The proportion of gilts having at least one hemorrhagic follicle was greater at day-15 than at estrus (44.1% vs 11.8%; P'(.05).
There were differences between stages of the estrous cycle which varied between genetic groups. Among the PB, the PP lost the fewest (P<.05) total number follicles between day-15 
Genetic Background and Level of Feed
Intake. Full-fed gilts had a larger mean diameter of the four largest follicles (9.3 vs 8.9 mm; SD = .59; P<.05; not presented in tabular form), a greater number of large follicles (11.9 vs 10.9; P = .06) and a greater proportion of animals with hemorrhagic follicles (35.3% vs 11.8%; P<.05) than did limited-fed gilts. No significant differences were found in the proportion of milky follicles (limited, 78.8%; full-fed, 73.5%) or the number of follicles in each class. The YY and HH did not differ significantly from each other for follicular characteristics. However, the average of these genetic groups exceeded the PP for the number of large follicles (YY and HH average, 11.7; PP, 10.2; P = .09). The PP had fewer milky follicles than the average of the other purebreds (PP, 16.9; YY and HH average, 28.2; P(.05). The PP had a smaller proportion of milky follicles (P = .07) than the YY and HH (YY and HH average, 88.6%; PP, 71.4%).
The PB groups had fewer total follicles than the CB (PB, 42.0; CB, 51.8; P<.01) but more milky follicles as a proportion of small plus medium (PB, 82.9%; CB, 70.9%; P<.05). There were few significant differences between the different CB pairs. The PY had a greater number of small (P(.01) and total (P<.05) follicles than the YP (PY, 44.0, 57.4; YP, 24.5, 39.8) . However, the YP had more large follicles (YP, 11.4; PY, 9.1; P(.05). The HP exceeded the PH in the number of large follicles (HP, 11.6; PH, 9.6; P(.05). The only comparison in which the proportion of milky follicles differed was between the HY and YH (HY, 84.0%; YH, 54.2%, P~.05).
An interaction of feeding level with genetic group was found for the mean diameter of the four largest follicles. Although the high plane of feeding increased the mean diameter of the PP when compared to the limited-fed, little effect was produced in the HH or YY (PP, limited, 8.6 mm, full-fed, 9.8 mm; YY and HH average, limited, 9.2 mm, full-fed, 9.0 mm; SD = .59; P<.05). Also, full-feeding decreased the number of milky medium follicles in the HY while there was an increase in the YH (HY: limited, 6.0, full-fed, .8; YH: limited, 1.5, full-fed, 2.2; P<.05).
Associations between the amount of follicular development and the number of corpora lutea during the estrous cycle have been report- ed (Clark et al., 1971; 1975) . Therefore, the follicular data collected at day-15 in the present study were examined for associations with the number of corpora lutea. There was a tendency for the number of corpora lutea to be associated with the total number of follicles and the number of milky follicles between animals (r = .22, .21, respectively; P = .28). Individual differences in systemic factors affecting both the number of follicles developing and the number ovulating could be the basis of these correlations. Between ovaries within animals the number of corpora lutea was correlated negatively with the number and percentage of milky follicles (r = -.37, -.48; P = .02, .01, respectively). The larger the number of CL, locally, the less was follicular atresia, locally, at day-15. Numbers of ovulatory follicles seemed repeatable as shown at estrus by the correlation of the number of corpora lutea from the last estrus with the number of large follicles at the present estrus (r = .27; P = .06). Also, the number of large follicles was associated significantly with .the number and percentage of milky follicles (r = .29, .35; P = .04, .01, respectively).
The regression of the number of large follicles on the proportion of milky for the small plus medium follicles at estrus was calculated between individuals and pooled within genetic groups. The regression within the 18 The regression of the average number of large follicles on the average percent atresia between the feed groups was -.26 and between the breeding groups was .00. No satisfactory tests of the difference between these regressions could be made.
A correlation coefficient was calculated between genetic groups to estimate the relationship of the number of follicles at day-15 with the number of large follicles at estrus. Although not significant, the average total number of follicles at day-15 was associated positively with the average number of large follicles at estrus (r = .21; 7 df).
Discussion
Hypothetically, a small proportion of the vesicular follicles seen during the estrous cycle of swine remains as ovulatory follicles at estrus. Assuming that the follicles which ovulated at a given estrus had developed from small follicles that were observed in the early part of the estrous cycle, Allen et ak. (1925) estimated that there was an 85% attrition of the follicles during the estrous cycle. Kirkpatrick et al. (1967) reported that the total number of follicles increased to the highest number at day-15 and had declined by approximately 40% at day-19 (equivalent to day-14 and -18 in our study, since in that study day-1 = first day of estrus). Between day-15 and estt~as, Dailey et al. (1972) reported a 50% decline in the number of vesicular follicles. Associated with a loss in the number of follicles in the present study, there was an increase in the percentage of milky follicles, while the frequency of animals having hemorrhagic follicles decreased. Therefore, alterations in the amount of atresia during the follicular phase of the estrous cycle could play an important role in the determination of the final ovulation rate.
High level of feeding for 4 to 5 days prior to estrus did not increase the total number of follicles at estrus. This is in agreement with the other studies (Kirkpatrick et al., 1967; Clark et al., , 1973 Dailey et al., 1972; Edey et al., 1972) where ovaries were examined after varying intervals of full-feeding and at several days of the estrous cycle. In the present study, neither the number nor percent of milky follicles varied significantly between the two feeding levels. There was, however, a negative regression of the number of large follicles on the proportion of milky follicles at estrus between the feeding levels. Hence, full-feeding may increase the number of large follicles by saving a few of those follicles from atresia. That number in comparison with the total number of available follicles would be small.
Between group genetic variability in the number of preovulatory follicles was not related to the amount of atresia. Among the purebreeds, the Poland China lost the fewest follicles, had the lowest number and proportion of milky follicles, yet had the least number of large follicles. Between the reciprocal crossbreds, the number of large follicles was not inversely related to the amount of atresia. The between genetic group regression of large follicles on the proportion of milky follicles was slight but positive. Genetic group differences in preovulatory follicles and hence ovulation rate apparently lie primarily in the total number of available follicles. The correlation of the log average total number of follicles at day-15 with the log average number of large follicles at estrus between the genetic groups (three PB and six CB) indicated a positive association. Kirkpatrick et al. (1967) and Clark et aL (1972 Clark et aL ( , 1973 have reported that the breed with the higher ovulation rate had the greater number of follicles during the estrous cycle.
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